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(54) Substrate including wide low-defect region for use in semrconductor element 



(67) In a process for produdng a substrate for use 
in a semiconductor element; a porous anodic alumina 
film having a great number of minute pores is formed on 
a surface of a base substrate; the surface of the base 



substrate is etchod by using the porous anodic alumina 
film as a mask so as to form a great number of pits on 
the surface of the base substrate; the porous anodic alu- 
mina Rim Is removed; and a GaN layer is formed on the 
surface of the base substrate by crystal growth. 
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Description 

BACKGROUND OF THE INVENTION 



Field of the InvenUon 

[0001] The present invention relates to a substrate 
which is used in a semiconductor element. The present 
Invention also relates to a process for producing a sub- 
strate which is used in a semiconductor elemenl. The 
present invention further relates to a semiconductor el- 
ement which uses the above substrate. 

Descriplion of the Related Art 

[0002] Japanese Journal of Applied Physics Vol, 37 
(199B) Part 2, pp. LI 020 disclosos a short-wavelength 
semiconductor laser device which emits laser light In the 
410 nm band. This semiconductor laser device Is pro- 
duced as follows. First, d GaN layer is formed on a sap- 
phire substrate, a stripe pattern of a 5102 ^'"^ *® formed 
on the GaN layer, and a GaN thicK film Is formed by se- 
lective lateral growth. In the selective lateral growth, 
stripe areas of the GaN layer which are not covered by 
the stripe pattern of the SiOg masK are used as nuclei 
of the growth. Then, a GaN substrate, which is called 
EUOG (epitaxial lateral overgrowth) substrate, is ob- 
tained by separating the sapphire substrate from the 
GaN thick film. Neict, an n-type GaN buffer layer, an n- 
type InGaN cracl< prevention layer, an n-lype AIGaN/ 
GaN modulation doped superlaitice cladding layer, an 
n-type GaN optical waveguide layer, an n-lnGaN/lnGaN 
multiple-quantum-well active layer, a p-type AlGaN car- 
rier block layer, a p-type GaN optical waveguide layer, 
a p-type AlGaN/CaN modulation doped superiattice 
cladding layer, and a p-type GaN contact- layer, are 
formed on the GaN substrate. 

[0003] In orderto obtain a semiconductor laser device 
which is reliable in high output power operation, a por- 
tion of the substrate on which an optical waveguide is 
fomied is required to be a low-defect region. In addition, 
in order to obtain a high output power semiconductor 
laser device, the semiconductor laser device is required 
to have a wide stripe structure. Therefore, in order to 
achieve high reliability in a high output power semicon- 
ductor laser device having a wide stripe structure* it is 
necessary to form the semiconductor laser device by us- 
ing a GaN substrate including a wide low-defect region. 
[O004] However, since the eLOG disclosed in Japa- 
nese Journal of Applied Physics Vol, 37 (1998) Part 2, 
pp. LI 020 is formed by the selective lateral growth using 
as nuclei the stripe areas of the GaN layer which are not 
covered by the stripe pattern of the Si02 film, defects 
are suppressed In regions formed by growth on the GaN 
* layer. However, since the density of the nuclei for growth 
is high, the spaces between the nuclei are bridged be- 
fore the grown nude! become large, and therefore the 
defect density in the bridged regions becomes high. 
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That is, it is difficult to form a wide low-defect region. In 
addition, when the thickness of the GaN thick film is In- 
creased, the defect density is further increased, and 
therefore it is further difficult to form a wide low-defect 

5 region. Thus, for example, in oscillation in the funda- 
mental transverse mode, the highest output power ob- 
tained by reliable semiconductor laser devices using the 
ELOG substrates is about 30 mW. 
{00051 Further, generally, reliability of a semiconduc- 

10 tor element In which semiconductor layers are formed 
on a substrate depends on the defect density in the sub- 
strate. Therefore, a substrate Including a wide low^de- 
fect region is required for every type of semiconductor 
element. 

IS 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide 
a substrate which is used in a semiconductor element, 

20 and In which the defect density is low in a wide region. 
[0007] Another object of the present invention is to 
provide process for producing a substrate which is used 
in a semiconductor element, and in which the defect 
density Is low In a wide region. 

25 [0008] A further object of the present Invention Is to 
provide a semiconductor element which uses a GaN 
substrate in which the defect density is low in a wide 
region. 

30 (1 ) According to the first aspect of the present in- 
vention, there is provided a process for producing 
a substrate for use in a semiconductor element, 
comprising the steps of; (a) fonning on a surface of 
a base substrate a porous anodic alumina film hav- 

35 ing a plurality of minute pores; (b) etching the sur- 
face of the base substrate by using, the porous 
anodic alumina film as a mask so as to form a plu- 
rality of pits on the surface of the base substrate; 
(c) removing the porous anodic alumina film; and 

40 (d) forming a GaN layer on the surface of the base 
substrate by crystal growth. 

According to the second aspect of the present 
Invention, there is provided a process for producing 
a substrate for use in a semiconductor element, 

45 comprising the steps of; (a) forming on a surface of 
a base substrate a porous anodic alumina film hav- 
ing a plurality of minute pores: (b) etching the sur- 
face of the base substrate by using the porous 
anodic alumina film as a mask so that a plurality of 

so pits are formed on the surlace of the base substrate 
and the porous anodic alumina film Is etched off; 
and (c) forming a GaN layer on the surface of the 
base substrate by crystal growth. 
(2) The processes according to the first and second 

55 aspects of the present invention may have the fol- 
lowing additional features. 

(i) In each of the processes according to the first 
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and second aspects of the present Invention, it 
is preferabiG that vrsQ GaN layer is formed on 
tha surface of the base substrate so that the 
plurality of pits are partially filled with the OaN 
layer and a plurality of spaces are left In the plu- « 
rality of pits. 

AHematively, the GaN layer may be formed 
on the surface of the base substrate so that the 
plurality of pits are fully filled with the GaN layer 
i.e., no space is left in the plurality of pits. 

(ii) The GaN layer can be fomned by crystal 
growth so as to partially fill the plurality of pits 
when the depths of the plurality of pits are ap- 
propriately determined In consideration of the 
diameters and the total area of the plurality of 
pits. Specifically, the depths of the plurality of 
pits are preferably 300 nm or greater, and more 
preferably 600 nm or greater. 

(iii) As disclosed in Japanese Journal of Applied 
Physics Vol. 35 (1 996) Part 2. pp. LI 26. the po- 
reus anodic alumina film is an alumina film hav- 
ing a great number of minute pores which is ob- 
tained by selectively etching off bottom portions 
of an alumina film by anodic oxidation SO that 
the great number of minute pores (perforation P5 
holes) are fomied» The porous anodic alumina 
film having a great number of minute pores can 

be obtained by forming an aluminum thin film 
on a base substrate, and anodizing the alumi- 
num thin film. Alternatively, the porous anodic so 
alumina film having a great number of minute 
pores can be separately produced, and placed 
on the base substrate. 

(iv) For the purpose of decreasing the defect 
density by control of the density of the nuclei 3S 
for growths and suppressing the occurrence of 
defects In the bridge regions between the nu- 
clei, the diameters of the minute pores ar- 
ranged on the surface of the base substrate are 
preferably 10 to 400 nm. In addition, for a slm- <o 
ilar purpose. It is preferable that the total area 

of the minute pores occupies 50 to 90% of the 
entire surface of the base substrate, 

(v) The process according to each of the first 
and second aspects of the present Invention 
may further comprise an additional step of 
forming as an uppermost layer a conductive 
GaN layer which is doped with a conductive im- 
purity. 

(vi) The process according to each of the first 60 
and second aspects of the present invention 
may further comprise an additional step of re- 
moving the base substrate. Funher» all of the 
layers other than the uppermost layer may be 
removed. For example, after the conductive ss 
QeN layer is formed as the uppermost layer, all 

of the layers from the base substrate to the GaN 
layer under the conductive GaN layer may be 
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removed so that the conductive GaN layer is 
obtained as a substrate for use in a semicon- 
ductor element. 

(vii) Preferably, a portion of the base substrate 
including the surface of the base substrate, on 
which the porous anodic alumina film is formed, 
is made of one of GaN, sapphire, SiC, ZnO. 
UGe02. LiAl02, ZrBz. GaAS, GaP. Ge, and Si. 
For example, the entire base substrate may be 
made of one of GaN, sapphire, SIC, ZnO, 
UGaOz. LiAiOz, ZrBg, GaAs, GaP. Ge, and Si. 
Alternatively, the base substrate may be con- 
stituted by a main portion made of one of GaN, 
sapphire, SiC. ZnO. LIGaOg. LiAlOj, ZrBg. 
GaAs, GaP. Ge, and Si, and a GaN layer 
formed on the main portion. 

(3) According to the third aspect of the present in- 
vention, there is provided a semiconductor element 
comprising a substrate and semiconductor layers 
formed on the substrate. The substrate Includes: a 
base substrate having a surface on which a plurality 
of pits are formed by etching using a porous anodic 
alumina film having a plurality of pores as a mask; 
and a GaN layer formed on the surface of the base 
substrate by crystal growth. 

According to the fourth aspect of the present 
invention, there is provided a semiconductor ele- 
ment comprising a substrate and semiconductor 
layers formed on the substrate. The substrate Is 
produced by forming a plurality of pits on a surface 
of a base substrate by etching using a porous anod- 
ic alumina film having a plurality of pores as a mask, 
forming a GaN layer on the surface of the base sub- 
strate by crystal growth, and removing the base 
substrate so as to leave the GaN layer as the sub- 
strate. 

In the substrate according to each of the fourth 
aspect of the present Invention, all of the layers from 
the base substrate to an arbitrary layer under the 
uppermost layer may be removed. 

According to the fifth aspect of the present In- 
vention, there is provided a semiconductor element 
comprising a substrate and semiconductor layers 
formed on the substrate. The substrate Is pnDducQd 
by forming at least one first GaN layer on the base 
substrate, forming on the at least one first GaN layer 
a second GaN layer which Is doped with a conduc- 
tive impurity, and removing the base substrate and 
the at least one first GaN layer so as to leave the 
second GaN layer as the substrate. Before each of 
the at least one first GaN layer is formad on a sur- 
face of one of the base substrate and the at least 
one first GaN layer located under each of the at 
least one first GaN layer, a plurality of pits are 
formed on the surface by etching using a porous 
anodic alumina film having a plurality of pores as a 
mask. 



3 



03/31/2006 FRI 19:35 [TX/RX NO 5166] (2)059 



Mar-31-06 16:43 



From-Hogan & Hartson L.L.P. Los Angelas, CA 4-1213 337 6701 



T-014 P. 060/085 F-318 



5 EP 1 276 1 40 A2 

(4) According lo the sixth aspect of the present in- 
vention, there Is provided a substrate for use in a 
semiconductor elonnent, comprising: a base sub^ 
strate having a surface on which a plurality of pits 
are formed by etching using a porous anodic alumi- « 
na film; and a GaN layer fornned on the surface of 
the base substrata so that the plurality of pits are 
parUally filled v/ith the GaN layer and a plurality of 
spaces are left in the plurality of pits. 

According to the seventh aspect of the present ^0 
invention, there is provided a substrate for use In a 
semiconductor element, comprising: a base sub- 
strate having a surface on which a plurality of pits 
are formed by etching using a porous anodic alumi- 
na film; and a GaN layer formed on the surface of *5 
the base substrate so thai the plurality of pits are 
fully filled with the GaN layer. 
(5) The advantages of the present invention are as 
follows. 

20 

(i) In the process according to Ihe first aspect 
of the present invention, a porous anodic alu- 
mina film having a great number of minute 
pores is formed on a surface of a base eub- 
sirate, and the surface of the base substrate is 
etched by using the porous anodic alumina film 
as a masK so as to form a great number of pits 
on the surface of the base substrate. Then, the 
porous anodic alumina film is removed, and a 
GaN layer is formed on the surface of the base so 
substrate by crystal growth. Therefore, the den- 
sity of the nuclei for growth can be reduced 
compared with the conventional techniques, 
and thus it is possible to form a GaN layer In- 
cluding a wide low-defect region. 

If, as in the cases of the conventional tech- 
niques, the GaN layer is formed by the selective 
lateral growth using the stripe areas as nuclei 
for growth, the spaces between the nuclei are 
bridged before the grown nuclei become large 
since the density of the nuclei for growth is high. 
Therefore, the defect density in the bridged re- 
gions becomes high. On the other hand, since, 
in the process according to the first aspect of 
the present invention, the surface of the base 
substrate is etched by using the porous anodic 
alumina film, a great number of minute pits can 
be formed on the surface of the .base substrate, 
and the GaN layer Is grown from the surface of 
the base substrate other than the minute pits, so 
Thus, the density of the nuclei for growth can 
be reduced. In addiUon, since the unetched por* 
lions of the surface of the GaN layer other than 
the plurality of pits are connected to each other, 
lattice plane Inclination which occurs when a W 
crystal is largely grown from a nucleus for 
growth can be reduced, and defects in the 
bridged portions can also be reduced. Conse^ 
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quently, it is possible to form a GaN layer in- 
cluding a wide low-defect region. Further, even 
when the thickness of the GaN layer is in- 
creased, it is possible to obtain a GaN layer in- 
cluding a wide low-defect region. 

Since a GaN layer including a wide low-de- 
fect region can be obtained, it is possible to ob- 
tain highly reliable semiconductor element by 
using a substrate produced by the process ac- 
cording to the first aspect of the present inven- 
tion. 

(ii) In the process according to the second as- 
pect of the present invention, a porous anodic 
alumina film having a great number of minute 
pores is formed on a surface of a base sub- 
strate, and the surface of the base substrate is 
etched by using the porous anodic alumina film 
as a mask so that a great number of pits are 
formed on the surface of the base substrate and 
the porous anodic alumina film is etched off. 
Then, a GaN layer is formed on the surface of 
the base substrate by crystal growth. There- 
fore, it is possible to form a GaN layer including 
a wide low-defect region for a similar reason to 
the process according to the first aspect of the 
present invention. 

In particular, in the process according to 
the second aspect of the present invention, the 
porous anodic alumina film which is used as a 
mask is removed at the same time as the for- 
mation of the plurality of minute pits on the sur- 
face of the base substrate. That is, the step for 
removing the porous anodic alumina film can 
be dispensed with, and the production process 
can be simplified. 

(iii) Since a GaN layer Including a wide low-de- 
fect region can be obtained by the process ac- 
cording to the first or second aspect of the 
present Invention, it Is possible to obtain highly 
reliable semiconductor element by using a sut>- 
etrate produced by the process according to the 
first or second aspect of the present invention. 

(iv) When the diameters of the minute pores ar- 
ranged on the surface of the base substrate are 
10 to 40O nm. and the total area of the minute 

• pores is 50 to 90% of the area of the surface of 
the base substrate, the density of the nuclei for 
growth can be more effectively reduced. 
(V) When a conductive GaN layer which is 
doped with a conductive impurity is formed as 
an uppermost layer, a substrate having a fur- 
ther lower defect density can be produced for 
use in a semiconductor element. Therefore, for 
example, a dark current in a light receiving el- 
ement can be reduced, and the performance of 
an efeclfonic device or the like can be im- 
proved. 

(vi) When the conductive GaN layer is formed 
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as the uppermost layer, and ihcreafter all of the 
layers from the base substrate to the GaN layer 
under the conductive GaN layer Is removed so 
that the conductive GaN layer is obtained as a 
substrate (or use in a semiconductor element, s 
and a semiconductor element such as a semi- 
conductor laser device is produced by forming 
semiconductor layers including an aclive layer 
and the like on the substrate, an electrode can 
be fonned on a back surface of the substrata, to 
and therefore the process for producing the 
semiconductor element can be simplified, 
(vil) The substrate according to the fifth aspect 
of the present invention comprises a base sub- 
strate having a surface on which a plurality of 
pits are formed by etching using a porous anod- 
ic alumina film, and a GaN layer fonned on the 
surface of the base substrate so thai the plural- 
ity of pits are partially filled with the GaN layer 
Since the GaN layer fomned on the surface of 20 
the base substrate on which the plurality of pits 
are formed by etching using the porous anodic 
alumina film has a wide low-defect region, a 
highly reliable semiconductor element can be 
produced by using tha substrate according to 25 
the fifth aspect of the present invention. 

in addition, since a plurality of spaces are 
left in the plurality of pits, it Is possible to relax 
distortion or the like which is caused by the dlf- 
ference in thermal expansion between the sub- 3o 
strata and the GaN layer v/hen the temperature 
rises or falls, and suppress the occun-ence of 
defects which are produced by the distortion, 
(vlii) The substrate according to the sixth as- 
pect of the present invention comprises a base ^fi 
substrate having a surface on which a plurality 
of pits are formed by etching using a porous 
anodic alumina film, and a GaN layer formed 
on the surface of the base substrate so that the 
plurality of pits are fully filled with the GaN layer. <o 
Since the GaN layer formed on the surface of 
the base substrate on which tho plurality of pits 
are formed by etching using the porous anodic 
alumina film has a wide low-defecl region, a 
highly reliable semiconductor element can be <s 
produced by using the substrate according to 
the sixth aspect of the present Invention. 



DESCRIPTION OF THE DRAWINGS 
[00091 

Fig. 1 is a diagrammatic perspective view of a sub- 
strate for use in a semiconductor element, as a first 
embodiment of the present Invention. 
Figs, 2A to 2C are crosS'secUonal views of struc- 
tures in representative stages of a process for pro- 
ducing the substrate in the first embodiment of the 
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present Invention, 

Fig, 3 is a diagrammatic perspective view of the 
stoicture in the stage in which a porous anodic alu- 
mina film Is formed on a base substrate In the first 
embodiment of the present invention. 
Fig. 4A is a diagrammatic perspective view of a sub- 
strate for use in a semiconductor element, as a sec- 
ond emtradimem of the present InvenUon. 
Fig. 4B is a diagrammatic perspective view of e sul>- 
strate for use in a semiconductor element, as a var- 
iation of the second embodiment of the present in- 
vention. 

Fig. 5 is a diagrammatic perspective view of a siib- 
strate for use in a semiconductor element, as a third 
embodiment of the present invention. 
Figs. 6A to 6C are diagrammatic cross-sectional 
views of structures In representative stages of a 
process for producing the substrate in the third em- 
bodiment of the present Invention. 
Fig. 7 is a diagrammatic perspective view of the 
structure in the stage In which a porous anodic alu- 
mina film is formed on a base substrate In the third 
embodiment of the present invention. 
Fig. 8 is a diagrammatic cross-sectional view of a 
substrate for use in a semiconductor element, as a 
fourth ombodlment of the present Invention. 
Fig. 9 is a diagrammatic cross-sectional view of a 
substrate for use in a semiconductor element, in a 
fiftn embodiment of the present Invention. 
Figs. 1 0A to 1 0C are diagrammatic cross-sectional 
views of structures In representative stages of a 
process for producing the substrate in a sixth em- 
bodiment of the present Invention. 
Fig, 11 is a diagrammatic cross-sectional view of a 
semiconductor laser device using the substrate as 
the first embodiment of the present invention. 
Fig. 12 is a diagrBmmatlc cross-secllona! view of a 
semiconductor laser device using the substrate as 
the third embodiment of the present invention. 
Fig. 13 is a diagrammatic cross-sectional view of a 
semiconductor laser device using the substrate as 
the sixth embodiment of the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0010] Embodiments of the present invention are ex- 
plained in detail below with reference to drawings. 

First Embodiment 

[001 1] Fig. ^ Is a diagrammatic perspective view of a 
substrate for use in a semiconductor element, as the first 
embodiment of the present Invention, 
[00121 As illustrated in Fig, 1, the substrate for use In 
a semiconductor element, as the first embodiment of the 
present Invention, comprises a base substrate 1 and a 
GaN layer 2. A plurality (great number) of minute pits 1 b 
are formed on a surface of the base substrate 1 by etch- 
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ing using a porous anodic alumina film which has d plu- 
rality of minute pores, and Ihe GaN leyer 2 i5 formed on 
the surface of the base substrate 1 so that the plurality 
of minute pits lb are partially filled with the GaN layer 
2, and a plurality of spaces 1c are left in the plurality of 
minute pits 1 b. The plurality of spaces 1c can be realized 
when the upper portions of the plurality of minute pits 
1 b are closed with the GaN layer 2 before the plurality 
of minute pits lb are fully filled with the GaN layer 2. 
[001 3] Next a process for producing the substrate as 
the first embodiment of the present invention is ex- 
plained below. Figs. 2A to 2C are cross-sectional views 
of stwctures in representative stages of the process for 
producing the substrate In the first embodiment of the 
present invention. 

[0014] First, as Illustrated in Fig. 2A, a porous anodic 
alumina film 3 is forn^ed on a surface of a base substrate 
1 by anodic oxidation, where a plurality of minute pores 
each having a diameter of 1 0 to 400 nm are distributed 
in the porous anodic alumina film 3. The porous anodic 
alumina film 3 may be separately produced, and then 
placed on the surface of the base substrate 1. Alterna- 
tively, the porous anodic alumina film 3 may be realized 
on me surface of the base substrate 1 by first forming 
an aluminum film on the surface of the base substrate 
1, and then anodizing the aluminum film. In the latter 
case, the porous anodic alumina film 3 can be formed, 
for example, as explained below, 
[0015] First, an aluminum film having a thickness of 
about 0.5 micrometers is formed on the base substrate 
1 , and a plurality of minute pores each having a diameter 
of 10 to 400 nm are produced in the aluminum film by 
anodic oxidation. The anodic oxidation can be per- 
formed by fixing the base substrate 1 on which the alu- 
minum film Is formed and a counter electrode made of 
carbon with a gap of 10 mm In a solution of sulfuric acld, 
oxalic acid, chromic acid, and phosphoric acid, for ex- 
ample, a solution containing 15% sulfuric acid, 2% oxal- 
ic acid, and 3 to 4% phosphoric acid, maintaining the 
temperature at about 10 *C, and epplying a voltage of 
about 15V between the base substrate 1 having the alu- 
minum film as an anode and the carbon counter elec- 
trode as a cathode. When the type and concentration of 
the oxidizing solution, the gap between tne base sub- 
strate 1 and the carbon counter electrode, the temper- 
ature, and the voltage are appropriately adjusted, Ih© 
plurality of minute pores can be produced so that the 
diameters of the plurality of minute pores are 10 to 400 
nm, and the total area of the plurality of minute pores is 
50 to 90% of the total area of the base substrate 1, Al- 
though not shown, after the anodic oxidation, portions 
of the aluminum film which are not anodized remain on 
the base substrate side of the porous anodic alumina 
film 3 which Is produced by the anodic oxidation. 
[0018] Fig. 3 is d diagrammatic perspective view of 
the structure in the stage In which the porous anodic alu- 
mina film is formed on the base substrate In the first em- 
bodiment of the present invention, The surface of the 



base substrate ^ Is etched with mixture gas or the like 
which passes through the plurality of minute pores 3b 
of the porous anodic alumina film 3, where the portions 
of the porous anodic alumina film 3 other than the plu- 
s rality of minute pores 3b behave as a mask. 

[0017] Fig. 2B shows the stage In which the etching 
is completed. In the etching, a difference in the etching 
rate with respect to the mixture gas or the like between 
the base substrate 1 and the porous anodic alumina film 
10 3 is utilized. That is, whan the etching is performed for 
a duration which is shorter than the time necessary for 
etching off the porous anodic alumina film 3, portions of 
the base substrate 1 under the plurality of minute pores 
3b of the porous anodic alumina film 3 are etched so as 
15 to form the plurality of minute pits 1b. At this time, the 
other portions of the base substrate 1 under the portions 
3a of the alumina film other than the plurality of minute 
pores are not etched, and remain as a plurality of un- 
etched portions 1a, which are connected to each other, 
20 A greater depth of the etching (i.e. , greater depths of tne 
plurality of minute pits 1b) is more preferable for relax- 
ation oT distortion which is caused by the difference in 
thermal expansion between the base substrate and the 
GaN layer when the temperature excessively rises or 
25 falls. Specifically, the depth of the etching equal to or 
greater than 300 nm is preferable, and the depth of the 
etching equal to or greater than 500 nm is more prefer- 
able. 

[0018] Thereafter, the porous anodic alumina film 3 
30 and the unanodized portion of the aluminum film are 
etched off with a solution of NaOH or the like. Then, as 
illustrated in Fig. 2C, a GaN layer 2 is grown in the lateral 
directions by using the plurality of unetched portions la 
as nuclei for growth. Preferably, in the crystal growth of 
35 the GaN layer, a GaN buffer layer 4 is first formed at low 
temperature, a_nd then the GaN layer 2 Is formed at high 
temperature. 

[0019] In this process, the diameters of the plurality 
of minute pores 3b in the porous anodic alumina film are 

40 In the range from 10 to 400 nm, the nuclei for growth are 
produced on the plurality of unetched portions la which 
are formed by using the plurality of minute pores 3b in 
the porous anodic alumina film and connected to each 
other, and crystal growth of the GaN layer 2 proceeds 

45 from the nuclei for growth on the plurality of unetched 
portions 1a. Therefore, the density of the nuclei for 
growth can be reduced. In addition, since the plurality 
of unetched portions 1d are connected to each other, 
the lattice plane inclination which occurs when a crystal 

W Is largely grown from a nucleus for growth can be re- 
duced, and the number of defects in the bridged portions 
can also be reduced. Consequently, It is possible to form 
the GaN layer 2 so as to include a wide low-defect re- 
gion. Further, since the density of the nuclei for growth 

55 can be reduced, It is possible to reduce defects pro- 
duced by distortion which is caused by lattice mismatch 
between the base substrate and the GaN layer. 
[0020] incidentally, when the GaN layer 2 Is grown on 



6 



03/31/2006 FRI 19:35 [TX/RX NO 5168] ©062 



Mar-31-06 16:43 Fron-Hogan & HartSQn L.L.P. Los Angeles, CA +1213 337 6701 



T-014 P. 063/085 F-318 



11 

ine plurality of unetched portions la by selecUve lateral 
growth, it is considered that nuclei for growth are also 
grown in the plurality of minute pits 1 b. However, the 
upper portions of the plurality of minute pits lb are 
closed by the lateral growth from the nuclei for growth 
on the pluralily of unetched portions la before the nuclei 
for growth in the plurality Of minute pits lb are grown. 
Therefore, the plurality of spaces 1c are left In the plu- 
rality of minute pits 1b. and effectively reduce ihe de^ 
fects produced by distortion which is caused by lattice 
mismatch between the base substrate and the GaN lay- 
er. 

Second Embodiment 

[0021] Fig. 4A Is a diagrammatic perspective view of 
a substrate for use in a semiconductor element, as the 
second embodiment of the present invention. 
[00Z2] In the substrate of Fig. 4A, a conductive GaN 
layer 5 which is doped with a conductive impurity and 
has a thickness Of about 100 to ZOO micrometers is 
formed on the GaN layer 2 in the substrate of Fig. 2C. 
Therefore, a conductive substrate which is to be used 
in a semiconductor element and has a low defect density 
can be produced. Thus, when the substrate Is used in 
a semiconductor element, for example, a derK current 
in a light receiving element can be reduced, and the per- 
formance of an electronic device or the like can be im- 
proved. 

[0023] Fig, 4B is a diagrammatic perspective view of 
a substrate for use in a semiconductor element, as a 
variation of the second embodiment of the present in- 
vention. The substrate of Fig, 4B is pnaduced by remov- 
ing the base substrate 1 and the GaN layer 2 from the 
substrate of Fig. 4A. That is, only the conductive GaN 
layer 5 is used as a conductive substrate in a semicon- 
ductor element. When a semiconductor element such 
as a semiconductor laser device is produced by forming 
semiconductor layers Including an active layer and the 
like on the conductive GaN substrate of Fig. 4B, an elec- 
trode can be formed on the back surface of the sub- 
strate, and therefore the process for producing the sem- 
iconductor element can be simplified. 

Third Embodiment 

[0024] Fig. 5 is a diagrammatic perspective view of a 
substrate for use in a semiconductor element, as the 
thind embodiment of the present Invention. 
[0025] As in the case of the first embodiment, the sub- 
strate for us© in a semiconductor element, as the third 
embodiment of the present invention, comprises a base 
substrate 31 and a GaN layer 33. A pluralily (great 
number) of minute pits 31b are formed on a surface of 
the base substrate 31 by etching using a porous anodic 
alumina film which has a plurality of minute pores, and 
the GaN layer 33 is formed on the surface of the base 
substrate 31 so that the plurality of minute pits 31b arc 
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partially filled with the GaN layer 33. and a plurality of 
spaces 31c are left in the plurality of minute pits 31b. 
The plurality of spaces 31c can be realized when the 
upper portions of the plurality of minute pits 31 b are 

5 closed with the GaN layer 33 before the plurality of 
minute pits 31b are fully filled with the GaN layer 33. 
[0026] As illustrated in Fig. 5. the substrate as the 
third embodiment is different from the first embodiment 
in that the base substrate 31 Is constituted by a main 

10 portion 30 and an upper portion 32 which is made of 
GaN and arranged on the main portion 30. The plurality 
(great number) of minute pits 31b are formed on a sur- 
face of the upper portion 32 of the base substrate 31 by 
the etching using the pohDUS anodic alumina film which 

f5 has the plurality of minute pores. Preferably, the main 
portion 30 is made of sapphire or SiC, which have a lat- 
tice constant relatively close to the lattice constant of 
GaN. 

[0027] Next, a process for producing the substrate as 
20 the third embodiment of the present invention is ex- 
plained below. Figs. 6A to 6C are cross-sectional views 
of structures in representative stages of the process for 
producing the substrate in the third embodiment of the 
present invention. 
25 [0028] First, as illustrated in Fig. 6A. a low-lempera- 
ture GaN layer 32A is formed on the main portion 30 at 
low temperature, and then a GaN layer 32B is formed 
on tiie low-temperature GaN layer 32A at high temper- 
ature. Thus, the base substrate 31 is formed, where the 

30 low-temperaturc GaN layer 32A and the GaN layer 32B 
constitute the upper portion 32. 
[0029] Next, a porous anodic alumina film 34 is 
fonned on the upper portion 32 (i.e.. the GaN layer 32B) 
of the base substrate 31, where a plurality of minute 

35 pores each having a diameter of 10 to 400 nm are ar- 
ranged in the porous anodic alumina, film 34.. 
[0030] The porous anodic alumina film 34 may be 
separately produced, and then placed on the surface of 
the base substrate 31. Alternatively, the porous anodic 

40 alumina film 34 may be realised on the surface of the 
base substrate 31 by first forming an aluminum film on 
the surface of the base substrate 31 , and then anodizing 
the aluminum film. In the latter case, the porous anodic 
alumina film 34 can be formed, for example, as ex- 

45 plained below. 

[0031] First, an aluminum film having a thickness of 
about 0.5 miorometers is formed on the GaN layer 32B, 
and a plurality of minute pores each having a diameter 
of 10 to 400 nm are produced in the aluminum film by 

so anodic oxidation. The anodic oxidation can be per- 
formed by fixing the upper portion 32 on which the alu- 
minum film is fonned and a counter electrode made of 
carbon with a gap of 1 0 mm in a solution of sulJuric add, 
oxalic acid, and phosphoric acid, for example, a solution 

5* containing 15% sulfuric acid, 2% oxalic acid, and 3 to 
4% phosphoric acid, maintaining the temperature at 
about 10 'C, and applying a voltage of about 15 V be- 
tween the GaN layer 32B having the aluminum film as 
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an anode and the carbon cownter electrode as a cath- 
ode. When the type and concentration of the oxidizing 
solution, the gap between the GaN layer 32B and the 
carbon counter electrode, the temperature, and the volt- 
age are appropriately adjusted, the plurality of minute 
pores can be produced so that the diameters of the plu- 
rality of minute pores are 10 to 400 nm, and the total 
area of the plurality of minute pores is 50 to 90% of the 
total area of the GaN layer 32B. After the anodic oxida- 
tion, portions of the aluminum film which are not ano- 
dized remain on the base substrate side of the porous 
anodic alumina film 34 which is produced by the anodic 
oxidation. 

I0032J Fig. 7 Is a diagrammatic perspective view of 
the structure in the Stage in which the porous anodic alu- 
mina film is formed on the base substrate in the third 
embodiment of the present invention. The surface of the 
GaN layer 32B is etched with mixture gas or the like 
which passes through the plurality of minute pores 34b 
of the porous anodic alumina film 34, where the portions 
of the porous anodic alumina film 34 other than the plu- 
rality of minute pores 34b behave as a mask, 
[0033] Fig. 6B shows the stage in which the etching 
is completed. In the. etching, a difference in the etching 
rat© with respect to the mixture gas or the liKe between 
the porous anodic alumina film 34, the unanodized por- 
tions of the aluminum film under the porous anodic alu- 
mina film 34, and the GaN layer 32B is utilized. That is, 
when constant-rate etching is performed until a thin film 
portion of the alumina film at the bottom of each of the 
plurality of minute pits 31b is removed, the unanodized 
aluminum film is exposed at the bottom of each pil. For 
example, in the case of dry etching using chlorine gas. 
the etching rates of the unanodized aluminum film and 
the GaN layer 328 are higher than the etching rates of 
the porous anodic alumina film. Therefore, the unano- 
dized aluminum film and the GaN layer 326 can be 
etched in a shorter time than the time necessary for 
etching off the porous anodic alumina film. Therefore, 
portions of the 6aN layer 32B under the plurality of 
minute pores 34b of the porous anodic alumina mm 34 
are etched so as to form the plurality of minute pits 3lb, 
and the other portions of the GaN layer 32B under the 
portions of the alumina film other than the plurality of 
minute pores are not etched, and remain as a plurality 
of uneiched portions 31a. The plurality of unotched por- 
tions 31a are connected to each other. A greater depth 
of the etching (i.e., greater depths of the plurality of 
minute pits 31 b) is more preferable for relaxation of dis- 
tortion which is caused by the difference In thermal ex- 
pansion between the base substrate and GaN when the 
temperature axcessively rises or falls. Specifically, the 
depth of the etching equal to or greater than 300 nm is 
preferable, and the depth of the etching equal to or 
greater than 500 nm Is more preferable. 
[0034] Thereafter, the porous anodic alumina film 34 
and the unanodized portion of the aluminum film are 
etched off with a solution of NaOH or the like. Then, as 



Illustrated in Fig. 6C, an upper GaN layer 33 is grown in 
the lateral directions by using the plurality of unetched 
portions 31 a as nuclei for growth. 
100351 in this process, the diameters of the plurality 

0 of minute pores 34b in the porous anodic alumina film 
are in the range from 1 0 to 400 nm, the nuclei tor growth 
are produced on the plurality of unetched portions 31 a 
which are fomned by using the plurality of minute pores 
34b in the porous anodic alumina film and connected to 

10 each other, and crystal growth of the upper GaN layer 
33 proceeds from the nuclei for growth on the plurality 
of unetched portions 31a. Therefore, the density of the 
nuclei for growth can be reduced. In addition, since the 
plurality of unetched portions 31a are connected to each 

T5 other, the lattice plane inclination which occurs when a 
crystal is largely grown from a nucleus for growth can 
be reduced, and defects in the bridged portions can also 
be reduced. Consequently, it is possible to form the up- 
per GaN layer 33 so as to include a wide low-defect re- 

20 gion. Further, since the density of the nuclei for growth 
can be reduced, it is possible to reduce defects pro- 
duced by distortion which Is caused by lattice mismatch 
between the base substrate and the upper GaN layer 
33. 

z5 [0036] Incidentally, when the upper GaN layer 33 is 
grown on the plurality of unetched portions 31a by se- 
lective lateral growth, It Is considered that nuclei for 
growth are also grown in the plurality of minute pits 31b. 
However, the upper portions of the plurality of minute 

30 pits 31 h are closed by the lateral growth from the nuclei 
for growth on the plurality of unetched portions 31 a be- 
fore the nuclei for growth in the plurality of minute pits 
31b are grown. Therefore, the plurality of spaces 31c 
are left in the plurality of minute pits 31b. and effectively 

36 reduce the defects produced by distortion which is 
caused by lattice mismatch between the base substrate 
and the upper GaN layer 33. 



Fourth Embodiment 



40 



[0037] Fig. 8 is a diagrammatic cross-sectional view 
of a substrata for use In a semiconductor element, as 
the fourth embodiment of the present invention. 
[0038] In the substrate as the fourth embodiment, a 

45 plurality of minute pits are formed on the upper surface 
of the upper GaN layer 33 in the substrate as the third 
embodiment, and a further GaN layer 37 is fomied on 
the upper GaN layer 33. In order to produce the plurality 
of minute pits on the upper surface of the upper GaN 

50 layer 33, another {second) porous anodic alumina film 
having a plurality of minute pores is formed on the upper 
surface of the upper GaN layer 33, a plurality of minute 
pits are formed on the upper surface of the upper GaN 
layer 33 by ©tghing using the second porous anodic alu- 

55 mina film as a mask, and the second porous anodic alu- 
mina film is removed. Thereafter, the GaN layer 37 is 
formed on the upper surface of the upper GaN layer 33. 
[0039] When production of a plurality of minute pits 
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on an upper surface of an uppermost GaN layer of a 
substrate and formaUon of another GaN layer on the up- 
per surface of the uppermost GaN layer by selective lat- 
eral growth are repeated, it Is possible to obtain a GaN 
layer in which defects are further reduced. 

Fifth Embodiment 

[0040] Fig. 9 is a diagrammatic cross-sectional view 
of a substrate for use In a semiconductor element, in the 
fifth embodiment of the present Invention. 
[0Q41] In the substrate of Fig. 9. a conductive GaN 
layer 38 which is doped with a conductive impurity and 
has a thickness of about 100 to 200 micrometers Is 
formed on the GaN layer 37 in the substrata as the fourth 
embodiment When a conductive GaN layer is formed 
es an uppermost layer as illustrated in Fig. 9, it is pos- 
sible to produce a tx)nductlve substrate which is to be 
used in a semiconductor element and has a lower defect 
density. 

[00421 It Is possible to obtain as a substrate only the 
conductive GaN layer 38 in the substrate of Fig. 9. In 
order to obtain the conductive GaN layer 38 as a sub- 
strate, the layers from the base substrate 31 to the GaN 
layer 37 are removed from the substrate of Fig. 9. When 
a semiconductor element such as a semiconductor la- 
ser device is produced by forming semiconductor layers 
Including an active layer and the like on the substrate 
constituted by only the conductive GaN layer 38, an 
electrode can be formed on the back surface of the sub- 
strate, and therefore the process for producing the sem^ 
iconductor element can be simplified. 

Sixth Embodiment 

[0043] Figs. 1 0A to 1 0C are diagrammatic crdss-sec- 
tional views of structures in representative stages of a 
process for producing the substrate in the sixth embod- 
iment of the present invention. 
10044] The substrate for use in a semiconductor ele- 
ment, as the sixth embodiment of the present invention, 
comprises a base substrate 31' and a GaN layer 39. As 
in the case of the third embodiment, a plurality (great 
number) of minute pits 31 b' are formed on a surface of 
the base substrate 31' by etching using a porous anodic 
alumina film which has a plurality of minute pores, and 
the GaN layer 39 is formed on the surface of the base 
substrate 31 '. The substrate as the sixth embodiment is 
different from the third embodiment in that the plurality 
of minute pits 31 b' is fully filled with the upper GaN layer 
39 as Illustrated in Fig. 100. 

[0045] Next, a process for producing the substrate as 
the sixth embodiment of the present invention Is ex- 
plained below with reference to Figs. 10A to 10G. 
[0046] Since the Stages of the process for producing 
the substrate as the Sixth embodiment before the for- 
mation of an upper GaN layer are similar to the third em- 
bodiment, details of these stages are not repeated. 



[0047] First, as illustrated in Fig. 10A, a low-temper- 
alure GaN layer 32A is formed on a main portion 30 of 
the base substrata 31' at low temperature, and then a 
GaN layer 32B' is formed on the low-temperature GaN 

5 layer 32A at high temperature. Next, a porous anodic 
alumina film 34 is formed on the GaN layer 32B', where 
a plurality of minute pores each having a diameter of 10 
to 400 nm are arranged In the porous anodic alumina 
film 34, Thus, the structure in this stage is identical to 

TO the structure Illustrated In Fig. 7. Thereafter, the surface 
of the GaN layer 32B' is etched with mixture gas or the 
like which passes through the plurality of minute pores 
3415 of the porous anodic alumina film 34, where the por- 
tions of the porous anodic alumina film 34 other than the 

ts plurality of minute pores 34b behave as a mask. 

[0048] Fig. 10B shows the stage In which the etching 
Is completed. In the etching, a difference In the etching 
rate with respect to the mixture gas or the like between 
the porous anodic alumina Him 34, the unanodized por- 

20 lions of the aluminum film under the porous anodic alu- 
mina film, and the GaN layer 328' is uUllzed . At this time, 
the etching condition Is adjusted so that the pattern of 
the plurality of minute pores in th© porous anodic alumi- 
na film 34 is automatically transfen-ad to the GaN layer 

25 32B' when the etching Is continued until the porous 
anodic alumina film 34 and the unanodized portion of 
the aluminum film are etched off. Thus, a plurality of 
minute pits 31 b* are formed in the portions of the GaN 
layer 32B' under the plurality of minute pores 34b of the 

30 porous anodic alumina film 34. and the other portions of 
the GaN layer 32B' under the portions of the alumina 
film other than the plurality of minute pores are not 
etched, and remain as a plurality of unetched portions 
31a'. The plurality of unetched portions 31a' are con- 

35 nected to each other. The depth of the etching (i.e., the 
depths of the plurality of minute pits 31b') can be arbi- 
trarily changed by adjusting the thickness of the alumi- 
num film before the anodic oxidation. The depth of the 
etching can also be changed by the etching condition, 
40 e.g.. the etchant composition, temperature, pressure, or 
the like. 

[0049] Thereafter, as illustrated in Fig. 1 0C, an upper 
GaN layer 39 is grown in the lateral directions by using 
the plurality of unetchod portions 31a' as nuclei for 
^5 growth. 

[0050] In this process, the diameters of the plurality 
of minute pores 34b in the porous anodic alumina film 
are in the range from 1 0 to 400 nm, the nuclei for growth 
are produced on the plurality of unetched portions 31a' 

so which are formed by using the plurality of minute pores 
34b in the porous anodic alumina film and connected to 
each other, and crystal growth of the upper GaN layer 
39 proceeds from the nuclei for growth on the plurality 
of unetched portions 3 la'. Therefore, the density of the 

ss nuclei for growth can be reduced- in addition, since the 
plurality of unetched portions 31a' are connected to 
each other, the lattice plane inclination which occurs 
when a crystal is largely grown from a nucleus for growth 
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can be reduced, and defects In the bridged portions can 
also be reduced. Consequently^ it is possible to form the 
upper GaN layer 39 so as to include a wide lowndefect 
region. Futther.sincethedeasity of the nuclei for growth 
can be reduced, it is possible to reduce defects pro- 
duced by distortion which is caused by lattice mismatch 
between the base substrate and the upper GaN layer 
39- 

[0051] In the process in the sixth embodiment, the 
etching condition is determined so that the porous anod- 
ic alumina film 34 and the unanodized portion of the alu- 
minum film are etched off during the formation of the 
plurality of minute pits 31b' on the GaN layer 32B'. 
Therefore, a step for removing the porous anodic alu- 
mina film 34 by wet etching or the like is unnecessary, 
while such a step is necessary in the process in the first 
embodiment. Thus, the production process can be sim- 
plified. 

[0052] It is possible to change or modify the process 
in the sixth embodimeni as follows. 

(i) In the process in the sixth embodiment, the plu- 
rality of minute pits 31 b' are fully filled with the upper 
GaN layer 39. However, the depths of the minute 
pits 31b' in the GaN layer 32B' may be further in- 
creased so that spaces are left in (he plurality of 
minute pits 31b'. in this case, the spaces relax the 
distortion produced between the base substrate 31' 
and the upper QaN layer 39, and therefore the qual- 
ity of the substrate produced by the process In the 
sixth embodimer^t of the present invention can be 
further improved, 

(ii) In addition, a plurality of minute pits may also be 
formed on the upper surface of the upper GaN layer 
39 in the substrate as the sijith embodiment, and a 
further GaN layer 37 may be formed on the upper 
GaN layer 39. In order to produce the plurality of 
minute pits on the upper surface of the upper GaN 
layer 39, another (second) porous anodic alumina 
film having a plurality of minute pores can be fomied 
on the upper surface of the upper GaN layer 39, and 
the plurality of minute pits can be formed on the up- 
per surface of the upper GaN layer 39 by etching 
using the second porous anodic alumina film as a 
mask. After the second porous anodic alumina film 
is removed, the GaN layer 37 can be formed on the 
upper surface of the upper GaN layer 39. 

When production of a plurality of minute pits on 
an upper surface of an uppermost GaN layer of a 
substrate and formation of another GaN layer on the 
upper surface of the uppermost GaN layer by se- 
lective lateral growth are repeated, it is possible to 
obtain a GaN layer in which defects are further re- 
duced. 

(ill) As in the case of the fifth embodimeni, a con- 
ductive GaN layer which is doped with a conductive 
impurity and has a thickness of about 100 to 200 
micrometers may be fomried on the GaN layer 39 in 



the substrate as the sixth embodiment. When the 
conductive GaN layer is formed on the uppermost 
layer of the substrate as the sixth embodiment, It is 
possible to produce a conductive substrate which 
5 is to be used In a semiconductor element and has 
a lower defect density. 

[0053] In addition. It is possible to obtain as a sub- 
strate only the conductive GaN layer in the above sub- 
10 strate in which the conductive GaN layer is formed. In 
order to obtain the conductive GaN layer as a substrate, 
the layers from the base substrate 3V to the GaN layer 
39 can be removed from the substrate. When a semi- 
conductor element such as a semiconductor laser de- 
15 vice is produced by forming semiconductor layers in- 
cluding an active layer and the like on the substrate con- 
stituted by only the conductive GaN layer, an electrode 
can be formed on the back surface of the substrate, and 
therefore the process for producing the semiconductor 
20 element can be simplified. 

Materials and Applications 

[0054] In each of the first to sixth embodiments, the 
25 base substrate or the main portion of the base substrate 
can be made of one of GaN, sapphire, SiC. ZnO, 
LiGa02, UAlOa, ZrBa, GaAs. Gap, Ge, and Si. 
[0055] Since the defect density in the substrates ac- 
cording to the present Invention is low, the substrates 
30 according to the present invention are reliable, and can 
be used in production of semiconductor elements and 
optical or electronic devices in the fields of high-speed, 
information processing, image processing, communica- 
tions, laser measurement, medicine, printing, and the 
35 tike, where the semiconductor elements and the optical 
or eiectrx^nic devices include field effect transistors, 
semiconductor laser devices, semiconductor optical 
amplifiers, light emitting devices, optical detectors, and 
the like. 

40 

Concrete Examples 

[0056] Concrete examples of the substrates accord- 
ing to the present invention, production processes of the 
substrates, and semiconductor elements using the sub- 
strates are explained below. 

[0057] tn the following concrete examples I to VII, ma- 
terials used In the growth of the layers are trimethyl gal- 
lium (TMG). trimethyl aluminum (TMA), trimethyl indium 
50 (TMl), and ammonia. In addition, sllane gas is used as 
n-type dopant gas, and cycropentadienyl magnesium 
(CPzfy/lg) is used as p-type dopant gas. 



55 



Concrete Example I 

[0058] The concrete example I Is a concrete example 
of the substrate as the first embodiment of the present 
invention illustrated in Fig. 1. 
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[0059] Firsts an aluminum film having a thicKness of 
about 0.5 micrometers is formed on a (0001) face of a 
base substrate 1 made of 6HSiC by EB (electron beam) 
evaporation. Then, mo base substrate 1 on which the 
aluminum film is fonmed and a counter electrode made 
of carbon are fixed with a gap of 1 0 mm In a 1 5% sulfuric 
add solution, the lomperatuf© is maintained at about 
10°C, and a voltage of about 15 V is applied between 
the base substrate 1 having the aluminum film as an an- 
ode and Iho cart>on counter electrode as a cathode, so 
that a porous anodic alumina film 3 having a plurality of 
minute pores 3b is formed on the base substrate 1, as 
illustrated in Fig. 2A. where the plurality of minute pores 
3b have diameters of about 30 nm and a total area oc- 
cupying about 70% of the entire area of the ponDus 
anodic alumina film 3. Thereafter, a plurality of minute 
pits 1b and a plurality of unetcbed portions la are pro- 
duced on me surface of the base substrate 1 by etching 
the surface of the base substrate 1 with mixture gas of 
CHFg and oxygen in an RIE (reactive Ion etching) sys- 
tem, as illustrated In Fig, 2B, where the depths of the 
plurality of minute pits 1b are about 1 micrometer 
[0060] Next, the porous anodic alumina film 3 is re- 
moved with a NaOH solution, and a low-temperature 
GaN buffer layer 4 having a thickness of about 20 nm is 
formed on the base substrate 1 having the plurality of 
unetched portions la at a temperature of 500**C by or- 
ganometallic vapor phase epitaxy. Subsequently, a GaN 
layer 2 Is formed over the plurality of unetched portions 
la by organometallic vapor phase epitaxy, where crystal 
growth in the lateral directions is continued at 1,060"C 
until the surface of the GaN layer 2 becomes even. 
Thus, a substrate for use In a semiconductor element is 
obtained. 

[0061] The present Inventors have measured the etch 
pit density of the substrate formed as above. In the 
measurement, the etch pit density is counted after the 
substrate is dipped in an etching solution. The meas- 
ured etch pit density of the substrate as me concrete 
example I is 10^ tol O^/cm^, which is three to four orders 
of magnitude smaller than the etch pit densities (about 
10it>/cm2) of the substrates produced by the convention- 
al production process. 

Concrete Example II 

[0062] The concrete example II Is a semiconductor la- 
ser device as a concrete example of a semiconductor 
element which is formed on ma substrate as the con- 
crete example \, Fig. 11 is a diagrammatic cross-sec- 
tional view of the semiconductor laser device using me 
substrate as me third embodiment of me present inven- 
tion. 

[0063] As explained before, me substrata as the con- 
crete example I used in the semiconductor laser device 
as me concrete example 1 1 is constituted by the SIC base 
substrate 1 having the plurality of minute pits lb on Its 
upper surface, and the low-temperature GaN buffer lay- 



er 4 and the GaN layer 2 which are formed on the upper 
surface of me base substrate 1, where me plurality of 
minute pits 1 b are partially filled with me GaN layer 2 so 
that me plurality of spaces 1c are left in me plurality of 

5 minute pits 1b. 

[00$4J As illustrated in Fig. 11. an n-type GaN contact 
layer 18, an n-type Ga^ziAl^iN (2.5 nm)/GaN (2.5 nm) 
superlatlice cladding layer 19, an n-type Ga-,,22Alz2^ 
optical waveguide layer 20, an ln^2^^l-x2N (Si-doped)/ 

10 ln^iGa,.xTN muMiple-quantum-well active layer 21 
(0.5>x1>x2 ^ 0), a p-type Ga^.^jAl^N carrier blocking 
layer 22 (z1 s z3>z2 s 0). a p-type (B3^.z2^x2^ optical 
waveguide layer 23. a p-type Ga^jiAljiN (2.5 nm)/GaN 
(2.5 nm) superlattice cladding layer 24 (0<z^<^ ), and a 

1 s p-iype GaN contact layer 25 are formed on the GaN lay- 
er 2 in me above substrate. 

[0065] Subsequently, a first SIO2 insulation film (not 
shown) and a first resist layer (not shown) are formed 
over the layered structures formed as above, and re- 

20 glons of me first resist layer and the first SiOj insulation 
film omer than first stripe regions of me first resist layer 
and the first Si02 insulation film having a width of about 
30 micrometers are removed by conventional limogra- 
phy. Then, the regions of the layered stnjctures on both 

^5 sides of me first stripe regions are etched to a mld-mick- 
ness of me p-type Ga^^iM^iN (2.5 nm)/GaN (2.5 nm) 
superlattice cladding layer 24 by selective etching using 
RIE, where me micKness of the remaining superlattice 
cladding layer 24 is determined 60 as to realize an index- 

30 guided structure. Thereafter, the remaining regions of 
the first resist layer and the first $i02 insulation dim are 
removed. 

[0066] Next, a second SiOj insulation film (not shown) 
and a second resist layer (not shown) are formed over 

35 the layered structures formajj as above, regions of the 
second resist layer and the second SiOj insulation film 
ether than second stripe regions of me second resist lay- 
er and me second Si02 insulation film are removed, 
where the second strip© regions are located con-e- 

^0 sponding to the first stripe regions and 20 micrometers 
wider than the first stripe regions on each side of me 
first smpe regions. Then, the regions of the layered 
structures on both sides of the second Stripe regions are 
etched by RiE until the n-type GaN contact layer 18 is 

46 exposed. 

[0067] Thereafter, by using conventional lithography, 
an n electrode 26 made of Ti/AI is formed on the n-type 
GaN contact layer 18, and a p electrode 27 made of Ni/ 
Au is formed on me remaining stripe region of the p-type 

so GaN contact layer 25. Subsequeritly, me substrate is 
polished and cleaved so as to form resonator surfaces. 
Then, a high reflectance coating and a low reflectance 
coating are applied to me resonator surfaces produced 
by me cleavage, and the above layered structure is 

55 formed into a chip of a semiconductor laser device. 
[0068] The present inventors have confimned mat me 
above semiconductor laser device having a wide stripe 
structure fonned on the low-defect GaN layer 2 is highly 
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reliable even In higli output CKJwer operation. 
Concrete Example III 

[0069] tne concrete example III is a concrele exam- 
ple of the substrate as the third embodiment of the 
present invention illustrated in Figs. 5 and 6. 
[0070] First, by organometallic vapor phase epitaxy, 
a low-temperature GaN layer 32A having a thicKness of 
about 20 nm Is fonrjod on a (0001) C face of a main 
portion 30 made of sapphire at 500 *C, and then a 3aM 
layer 32B having a thickness of about 1 micrometer is 
formed at 1,050*>C. Thus, a base substrate 31 is ob- 
tained, 

[0071] Next, an aluminum film having a thickness of 
about 0.5 micrometers is formed on the GaN layer 32B 
of the base substrate 31 by EB (electron beam) evapo- 
ration. Then, the GaN layer 32B on which the aluminum 
film is formed and a counter electrode made of carbon 
are fixed with a gap of 10 mm In a 15% sulfuric acid 
solution, the temperature is maintained at about 10**C, 
and a voltage of about 1 5 V Is applied between the GaN 
layer 32B having the aluminum film as an anode and the 
carbon counter electrode as a cathode, so that a porous 
anodic alumina film 34 having a plurality of minute pores 
Is formed on the base substrate 31 as illustrated In Fig. 
6A, where the plurality of minute pores have diameters 
of about 30 nm and a total area occupying about 70% 
of the entire area of the porous anodic alumina film 34. 
Thereafter, a plurality of minute pits 31 b and a plurality 
of unetched portions 31a are produced on the surface 
of the GaN layer 32B by etching the surface of the GaN 
layer 328 with mixture gas of CHF3 and oxygen by RIE. 
as illustrated in Fig. 6B. where the depths of the plurality 
of minute pits 31b are about 1 micrometer, 
[0072] Subsequently, the porous anodic alumina film 
34 is removed with a NaOH solution, and a GaN layer 
33 is formed on the plurality of unetched portions 31a 
by organometallic vapor phase epitaxy, where crystal 
growth in the lateral directions is continued at I.OSCC 
until the surface of the GaN layer 33 becomes even. 
Thus, a substrate for use in a semiconductor element is 
obtained as illustrated In Fig. 6C, 

Concrete Example IV 

[0073] The concrete example IV Is another concrete 
example of the substrate as the third embodiment of the 
present Invention illustrated in Figs. 5 and 6. 
[0074] First, a low-temperature GaN layer 32A having 
a mickness of 30 nm is fomied on a (0001 ) C face of a 
main portion 30 made of sapphire at 500 'C, and then 
a GaN layer 32B having a thickness of 2 micromoter is 
formed. Thus, a base substrate 31 is obtained. 
[0075] Next, an aluminum film having a thickness of 
about 0.5 micrometers is formed on the GaN layer 32B 
(the upper portion 32) of the base substrate 31 by EB 
(electron beam) evaporation. Then, the base substrate 



31 on which the aluminum film is formed and a counter 
electrode made of carbon are fixed with a gap of 1 0 mm 
in a 1 5% sulfuric add solution, the temperature is main- 
tained at about lO^C, and a voltage of about 15 V Is 
6 applied between the base substrate 31 having the alu- 
minum film as an anode and the carbon counter elec- 
trode as a cathode, so that a porous anodic alumina Him 
34 having a plurality of minute pores is formed on the 
GaN layer 32B (the upper portion 32) of the base sub- 
to strate 31 as illustrated In Fig. 6A, where the plurality of 
minute pores have diameters of about 30 nm and a total 
area occupying about 70% of the entire area of the po- 
rous anodic alumina film 34. Thereafter, a plurality of 
minute pits 31b and a plurality of unetched portions 31 a 
Tff are produced on the surface of the GaN layer 32B by 
etching the surface of the base GaN layer 32B in chlo- 
rine gas by ECR (electron cyclotron resonance) etching, 
as illustrated in Fig, 6B, where the depths of the plurality 
of minute pits 31b are about 1 micrometer 
20 [0076] Subsequently, the porous anodic alumina film 
34 and the unanodized aluminum film under the porous 
anodic alumina film 34 are removed with a 70*»C phos- 
phoric acid solution, and a GaN layer 33 Is formed on 
the plurality of unetched portions 31a by organometallic 
25 vapor phase epitaxy, where crystal growth in the lateral 
directions is continued at 1.050 ''C until the surface of 
the GaN layer 33 becomes even. Thus, a substrate for 
use in a semiconductor element is obtained as illustrat- 
ed in Fig. OC. 

^0 [0077] The present inventors have measured the etch 
pit density of the substrate formed as above. In the 
measurement, the etch pit density is counted after the 
substrate is dipped in an etching solution. The meas- 
ured etch pit density of the substrate as the concrete 

35 example IV is 1 0^ to 1 O^/cmZ, which is three to four or- 
ders of magnitude smaller than the etch pit densities 
(about lO^'o/cm^) of the substrates produced by the con- 
ventional production process. 

40 Concrete Example V 

[00781 The concrete example V is a semiconductor la- 
ser device as a concrete example of a semiconductor 
element which is formed on the substrate as the con- 
4S Crete example IV. Fig. 12 is a diagrammatic cross-sec- 
tional view of a semiconductor laser device using the 
substrate as the third embodiment of the present inven- 
tion. 

[0079] As explained before, the substrate as the con- 
so Crete example IV. which is used In the semiconductor 
laser device as the concrete example V, is constituted 
by the base substrate 31 and the upper GaN layer 33 
formed on the base substrate 31 by crystal growth, 
where the base substrate 31 comprises the main portion 
ss 30. the low-temperature GaN layer 32A. and the GaN 
layer 32B on which the plurality of minute pits 31b are 
formed by using the porous anodic alumina film, and the 
plurality of minute pits 31b are partially filled with' the 
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upper GaN layer 33 so that the plurality of spaces 31 c 
are left In the plurality of minute pits 31 b. 
IQ080] AS illustrated in Fig. 1 2. an n-type GaN contact 
layena. an n-type Gai^iA^iN (2.5 nm)/GaN (2.5 nm) 
superiattice cladding layer 19, an n-type Ga,.^2Al22N 
optical waveguide layer 20, an lnx2Gai.x2N (Si-doped)/ 
in^iGai.xi^ multiple-quamum-well active layer 21 
(0,5>x1>x2 ^ 0). a p-lype Ga^.j^Al^gN carrier blocking 
layer 22 (z1 > z3>z2 > 0). a p-type Ga^.z2^^ ^P^'^^al 
waveguide layer 23, a p-type Gai,zn Al^^N (2.5 nm)/GaN 
(2.5 nm) superlattice cladding layer 24 (0<z1 <^ ). and a 
p-iype GaN contact layer 25 are formed on the GaN lay- 
er 33 in the above substrate. 

[0091] SubgequGnlly. a first SIOq insulation film (not 
shown) and a first resist layer (not shown) are formed 
over the layered structures formed as above, and re- 
gions of the first resist layer and the first Si02 insulation 
film other than first stripe regions of the first resist layer 
and the first SlOj Insulation film having a width of about 
30 micrometers are removed by conventional lithogra- 
phy. Then, the regions pf the layered structures on both 
sides of the first stripe regions are etched to a mid-thick- 
ness of the p-type Gai.2iAl2iN (2.5 nm)/GaN (2.5 nm) 
superlattice cladding layer 24 by selective etching using 
RIE, whera the thicKness of the remaining superlattice 
cladding layer 24 Is determined so as to realize an index- 
guided structure. Thereafter, the remaining regions of 
the first resist layer and the first Si02 insulation film are 
removed. 

[0082] Next, d second Si02 Insulation film (not shown) 
and a second resist layer (not shown) are formed over 
the layered structures formed as above, regions of the 
second resist layer and the second SIO2 Insulation film 
other than second stripe regions of thesecond resist lay- 
er and the second Si02 Insulation f»lm are removed, 
where the second stripe regions are located corre- 
sponding to the first stripe regions and 20 micrometers 
wider than the first stripe regions on each side of the 
first stripe regions. Then, the regions of the layered 
strvcturos on both sides of the second stripe regions are 
etched by RIE until the n-type GaN contact layer IB Is 
exposed. 

[0083] Thereafter, by using conventional lithography, 
an n electrode 26 made of TUAl is formed on the n-type 
GaN contact layer 18, and a p electrode 27 made of Ni/ 
Au is formed on the remaining stripe region of the p-type 
GaN contact layer 25. Subsequently, the substrate is 
polished and cleaved so as to form resonator surfaces. 
Then, a high reflectance coaling and a low reflectance 
coating are applied to the resonator surfaces produced 
by the cleavage, and the above layered structure Is 
formed into a chip of a semiconductor laser device. 
[0084] The present inventors have confirmed that the 
above semiconductor laser device having a wide stripe 
stnjcture fonned on the low-defect GaN layer 33 is high- 
ly reliable even in high output power operation. 



Concrele Example VI 

[0085] The concrete example VI is an concrere exam- 
ple of the substrate as the sixth embodiment of the 

5 present invention illustralad in Figs. 10A. 108, and 1 0C. 
[0086] First, a low-temperature GaN layer 32A having 
a thickness of 30 nm Is formed on a (0001 ) C face of a 
main portion 30 made of sapphire at 500 ^C, and then 
a GaN layer 32B having a thickness of about 2 microm- 

10 eters is formed on the low-temperature GaN layer 32A 
at a low pressure of 1.33 X 10^ Pa. Thus, a base sub- 
strate 31' is obtained. 

10087] Next, an aluminum film having a thickness of 
about 0.5 micrometers is formed on the GaN layer 32B' 

15 (the upper portion 32') of the base substrate 31' by £B 
(electron beam) evaporation. Then, the base substrate 
3r on which the aluminum film is formed and a counter 
electrode made of carbon are fixed with a gap of 10 mm 
In a 1 5% sulfuric acid solution, the temperature Is main- 

20 tained at about lO^C, and a voltage of about 16 V is 
applied between the base substrate 31' having the alu- 
minum film as an anode and the carbon counter elec- 
trode as a cathode. Thus, the present Inventors have 
obtained a porous anodic alumina film 34 having a plu- 

25 rality of minute pores 34b as Illustrated in Fig, 10A, 
v^ere the plurality of minute pores 34b have a diameter 
of about 1 5 nm and a pore density of 500 X 1 0®/cm2 and 
being formed on the GaN layer 32B* (the upper portion 
32') of the base substrate 31V In addition, an alumina 

30 layer and an unanodized aluminum layer located under 
the alumina layer exist at the bottom of each of the plu- 
rality of minute pits 34b, 

[0088] Next, the alumina layer at the bottom of each 
of the plurality of minute pits 34b, the unanodized alu- 

35 minum layer located under the alumina layer, and a por- 
tion of the GaN layer 32B' located under the unanodized 
aluminum layer are etched in chlorine gas by ECR etch- 
ing using the porous anodic alumina film 34 es a mask 
so as to form a minute pit 31b' in the GaN layer 32B' 

40 under the the bottom of each of the plurality of minute 
pits 34b, At this time, the etching condition is adjusted 
so that the etching rate of the porous anodic alumina 
film Is higherthan the etching rate of the GaN layer 32B'. 
The etching is continued until the alumina layer at the 

45 bottom of each of the plurality of minute pits 34b and the 
unanodized aluminum layer located under the alumina 
layer are complet9ly removed, and the minute pit 31b' 
is formed in the GaN layer 32B', Thus, a plurality of 
minute pits 31 b' and a plurality of unelched portions 31 a* 

60 are fomned on the surface of the GaN layer 32B' as iK 
lustrated in Fig. 10B. 

{0089] Thereafter, a GaN layer 39. is formed on the 
plurality of unelched portions 3 la' by organometalilc va- 
por phase epitaxy, where crystal growth in the lateral 
ss directions is continued at i.OSO^C until the surface of 
the GaN layer 39 becomes even. The depths of the plu- 
rality of minute pits 31b' are determined so that the plu- 
rality of minute pits 31b' are fully filled with the upper 
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GaN layer 39 during the growth Of the upper GaN layer 
39. Thus, a substrate for use in a semiconductor ele- 
meni is obtained as illustrated in Fig. IDC. 
[0090] The present inventors have measured the etch 
pit density of the substrate formed as above. In the 
measurement, the etch pit density is counted after the 
substrate is dipped in an etching solution. The meas- 
ured etch pit density of the substrate as the concrete 
example VI is 10^ to lO^/cm^, which is three to four or- 
ders of magnitude smaller than the etch pit densities 
(about 1 0^ Wcm2) of the substrates produced by the con- 
ventionat production process. 

Concrete Example VII 

[0091] The concrete example VII is a semiconductor 
laser device as a concrete example of a semiconductor 
element which is formed on the substrate as the con- 
crete example VI. Fig. 13 Is a diagrammatic cross-sec- 
tional view of a semiconductor laser device using the 
substrate as the sixth embodiment of the present inven- 
tion. 

[0092] As explained before, the substrate as the con- 
crete example VI, which is used in the semiconductor 
laser device as the concrete example VII, Is constituted 
by the base substrate 3V and the upper GaN layer 39 
formed on the base substrate 31', where the base sub- 
strate 31' comprises the main portion 30. the low-tem- 
perature GaN layer 32A. and the GaN layer 32B' on 
which the plurality of minute pits 31b' are formed by us- 
ing the porous anodic alumina film, and the plurality of 
minute pits 31b* are fully filled with the upper GaN layer 
39. 

[0093] As illustrated In Fig. 1 3. an n-typc GaN contact 
layer 18, an n-type Ga^.^^AlziN (2.5 nmVGaN (2.5 nm) 
■ superlattice cladding layer lS, an n-type G&^.^A\^2^ 
optical waveguide layer 20. an ln^2Gai.xzN (Sl-doped)/ 
Inj^^Ga^.x^N multiple-quantum-well active layer 21 
(0.5>x1>x2 S 0), a p-iype Ga^.^sAl^aN canier blocking 
layer 22 (zl i z3>z2 2 0), a p-type Ga^^Al^gN optical 
waveguide layer 23. a p-type Ga^.^^AljiN (2.5 nm)/GaN 
(2.5 nm) superlatuoe cladding layer 24 (0<z1<1), and a 
p-type GaN contact layer 25 are formed on the GaN lay- 
er 39 in the above substrate. 

[0094] Subsequently, a first SIOj insulation film (not 
shown) and a first resist layer (not shown) are formed 
over the layered structures fomned as above, and re- 
gions of the first resist layer and the first Si02 insulation 
film other than first stripe regions of the first resist layer 
and the first Si02 Insulation film having a width of about 
30 micrometers are removed by conventional lithogra- 
phy» Then, the regions of the layered structures on both 
sides of the first stripe regions are etched to a mid-thicK- 
ness of the p-lype Ga^^^^AliiN (2.5 nm^GaN (2.5 nm) 
superlattice cladding layer 24 by selective etching using 
RIE, where the thickness of the remaining superiattice 
cladding layer 24 js determined $0 as to realize en index^ 
guided structure. Thereafter, the remaining regions of 



the first resist layer and the first Si02 insulation film are 
removed. 

[0095] Next, a second SiOg insulation film (not shOWO) 
and 9 second resist layer (not shown) are formed over 

5 the layered structures formed as above, regions of the 
second resist layer and the second SiOj insulation film 
other than second stripe regions of the second resist lay- 
er and the second SiOa insulation film are removed, 
where the second stripe regions are located corre- 

10 spending to the first stripe regions and 20 micrometers 
Wider than the first stripe regions on each aide of the 
first stripe regions: Then, the regions of the layered 
structures on both sides of the second stripe regions are 
etched by RiE until the n-type GaN contact layer 18 is 

t5 exposed. 

[0096] Thereafter, by using convenUonal lithography, 
an n electrode 26 made of Ti/Al is iomed on the n-type 
GaN contact layer 18, and a p electrode 27 made of Nl/ 
Au is formed on the remaining stripe region of the p-type 

20 GaN contact layer 25. Subsequently, the substrate is 
polished and cleaved so as to form resonator surfaces. 
, Then, a high reflectance coating and a low reflectance 
coaling are applied to the resonator surf aces produced 
by the cleavage, and the above layered structure is 

2ti formed Into a chip of a semiconductor laser device. 

Varia^ons of Concrete Examples 

[0097] Although the semiconductor laser devices as 
30 the concrete examples II, V, and VII are index-guided 
semiconductor laser devices having a ridge structure 
and a great stripe width , the substrates according to the 
present invention can also be used in other semicon- 
ductor elements including other semiconductor laser 

39 devices. Such semiconductor laser devices may be In^ 
dex-guided semiconductor laser devices having a ridge 
structure and a stripe width of about 1 to 2 micrometers 
and oscillating in a fundamental transverse mode, in- 
dex-guided semiconductor laser devices having an In- 

40 lernal index-guided structure, and index-guided semi- 
conductor laser devices having a buried ridge stmcture. 
[0098] The conductivity types of the semiconductor 
layers of the semiconductor laser device as each of the 
concrete examples ii, V. and VII may be inverted. That 

45 is, the n-type and the p-type may be exchanged. 
(0099] When the composition of the active layer is ap- 
propriately controlled, the oscillation wavelength of the 
semiconductor laser device as each of the concrete ex- 
amples II, V, and VI i can be controlled in the range of 

AO 380 to 650 nm. 



Claims 

55 1. A process for producing a substrate for use in a 
semiconductor element, comprising the steps of; 

(a) forming on a surface of a base substrate a 
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5. 



porous anodic alumina film having 3 plurality of 

minute pores; 

(b) etcnlng the surface of the base substrate by 
using the porous anodic alumina fiim as a masK 
so a$ to form a plurality of pits on the surface 
of the base substrate; 

(c) removing said porous anodic alumina film; 
and 

(d) fomiing a GaN layer on the surface of the 
base substrate by crystal growth. 

A process according to claim 1, wherein each of 
said plurality of pits has a diameter of 1 0 to 400 nm, 
and the plurality of pits have a total area which cor- 
responds to 50 to 90% of the entire surface of the 
base substrate. 

A process according to claim 1, further comprising 
an additional step of forming as an uppermost layer 
a conductive GaN layer which is doped with a con- 
ductive impurity. . 

A process according to claim 1 , further comprising 
an additional step of removing said base substrate. 

A process according to claim 1, wherein at least a 
portion of the base substrate including said surface 
is made of one of GaN. sapphire, SiC, ZnO, LiGa02, 
LiAlOj. ZrBz. GaAS, GaP, Ge, end SI. 

A process for producing a substrate for use in a 
semiconductor element, comprising the steps ot 

(a) fomrtlng on a surface of a base substrate a 
porous anodic alumina film having a plurality of 

rninule pores; 

(b) etching the surface of the base substrate by 
using tlie porous anodic alumina film as a mask 
so that a plurality of pits are formed on the sur- 
face of the base substrate and the porous anod- 
ic alumina film Is etched off; and 

(c) fomiing a GaN layer on the surface of the 
base substrate by crystal growth. 

A process according to claim 6, wherein eacii of 
said plurality of pits has a diameter of 1 0 to 400 nm, 
and the plurality of pits have a total area which cor- 
responds to 50 to 90% of the entire surface of the 
base substrate. 

A process according to claim 6, further comprising 
en additional step of forming as an uppermost layer 
a conductive GaN layer which is doped with a con- 
ductive Impurity. 

A process according to claim 6, further comprising 
an additional step of removing said base substrate. 



IS 



20 



10. A process according to claim 6. wherein at least a 
portion of the base substrate including said surface 
is made of one of GaN, sapphire, SiC, ZnO, LiGaOa, 
LiAIOj, ZrBa. GaAS. GaP. Ge, and Si. 

11. A semiconductor element comprising: 

a substrate; and 

semiconductor layers fomied on the substrate; 

wherein said substrate includes, 

a base substrate having a surface on 

which a plurality of pits are formed by etching using 

a porous anodic alumina film having a plurality of 

pores as a mask, and 

a GaN layer formed by crystal growth on 

said surface of the base substrate. 

12. A semiconductor element according to claim 11, 
wherein each of said plurality of pits has a diameter 
of 1 0 to 400 nm, and the plurality of pits have a total 
area which con-esponds to 50 to 90% of the entire 
surface of the base substrate. 



25 13. A semiconductor element according to claim 11, 
wherein said substrate further includes as an up- 
permost layer a conductive GaN layer which Is 
doped with a conductive impurity. 

30 14. A semiconductor element according to claim' 11, 
wherein at least a portion of the base substrate In- 
cluding said surface is made of one of GaN, sap- 
phire. SiC. ZnO, LlGaOz. UAIO2, ZrBj, GaAS, GaP. 
Ge, and Si. 

25 

15. A semiconductor element according to claim 11, 
wherein said GaN layer formed on said surface of 
the base substrate so that said plurality of pits are 
partially filled with the GaN layer and a plurality of 

40 spaces are left in the plurality of pits. 

16. A semiconductor element according to claim 11. 
wherein said GaN layer formed on said surface of 
the base substrate so that said plurality of pits are 

45 fully filled with the GaN layer, 

17. A semiconductor element comprising: 

a substrate; and 
60 semiconductor layers formed on the substrate; 

wherein said substrate is produced by forming 
a plurality of pits on a surface of a base substrate 
by etching using a porous anodic alumina film hav- 
55 ing a plurality of pores as a mask, forming a GaN 
layer by crystal growth on said surface of the base 
substrate, and removing said base substrate so as 
to leave said GaN layer as said substrate. 
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18. A semiconductor ©lamenl according to claim 17, 
wherein each of said plurality of pits has d diameter 
of 1 0 to 400 nm, and the plurality of pits have a total 
area which corresponds to 50 lo 90% of the entire 
surface of the base substrate. 

19. A semiconductor element according to claim 17, 
wherein at least a portion of the base substrate in- 
cluding said surface is made of one of GaN, sap- 
phire. SiC. ZnO. LiGaOj. UAIO2. ZrBg, GaAs. QaP, 
<3e, and Si. 

20. A semiconductor element comprising; 

a substrate; and 

semiconductor layers formed on the substrate; 

wherein said substrate is produced by forming 
at least one first GaN layer on the base substrate, 
fbnning on said at least one first GaN layer a second 
GaN layer which Is doped with a conductive impu- 
rity, and removing said base substrate and said at 
least one first OaN layer so as to leave said second 
GaN layer as the substrate, and 

before each of said at least one first GaN layer 
is formed on a surface of one of the base substrate 
and the at least one first GaN layer located under 
said each of said at least one first GaN layer, a plu* 
rality of pits are fonned on said surface by etching 
using a porous anodic alumina film having a plural- 
ity of pores as a mask. 



a base substrate having a surface on which a 
plurality of pits are formed by etching using a 
porous anodic alumina film; and 
a GaN layer formed on said surface of the base 
substrate so that said plurality of pits are fully 
fined with the GaN layer. 

base substrate. 
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21. A semiconductor element according to claim 20. 
wherein each of said plurality of pits has a diameter 
of 1 0 to 400 nm, and the plurality of pits have a total 
area which corresponds to 50 to 90% of the entire 
surface of the base substrate. 

22* A semiconductor element according to claim 20. 
wherein at least a portion of the base substrate in- 
cluding said surface is made of one of GaN, sap- 
phire, SIC, ZnO, LiGa02, LiAlOg, ZrBj, GaAs, GaP, 
Ge. and Si. 

23. A substrate for use in a semiconductor element, 
comprising; 

a base substrate having a surface on which a 
plurality of pits are fom^ed by etching using a 
porous anodic alumina film; and 
a GaN layer fonmed on said surface of the base 
substrate so that said plurality of pits are par- 
tially filled with the GaN layer and a plurality of 
spaces are left in the plurality of pits. 

24. A substrate for use in a semiconductor element, 
comprising: 
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